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Scopo della lezione

e Descrivere semplici circuiti logici con codice VHDL

* Introdurre il simulatore VHDL EDA Playground e
simulare il funzionamento di semplici strutture
logiche



EDA Playground

e Simulatore online
— https://www.edaplayground.com/

— EDA = Electronic Design Automation

— Non serve installare alcun programma, serve solo un
account (anche gmail)

— Si puo lavorare da qualungque PC, una volta che si ha
I'account

— Non serve un computer con grande potenza di calcolo


https://www.edaplayground.com/
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Es: Funzione Majority

1) Descrivere in VHDL il circuito che descrive la funzione
maggioranza
— 3ingressi (1 bit) a, b, c
— 1 uscita (1 bit): output = ‘1’ almeno due degli ingressi valgono ‘1’

\ 4

d
b *

:

L

output

J UV

2) Simulare il funzionamento del circuito con EDA Playground con
una combinazione a piacere degli ingressi



1)

Funzione Majority: Design

Descrivere in VHDL il circuito

che descrive la funzione g _/p
maggioranza
library ieee; C D output
use leee.std logic 1l64.all; —
entity majority is -
port ( a, b, ¢ : in std logic;
output : out std logic ); Stggd€3Orhanno(
end majority; \ﬁngD CedenZaCih
(hdicar (dobbiapg,
architecture maj dataflow of majority is Sf3§0n0\nﬂZigZuES‘
begin Nistra yeye, Clelstfa

output <= (a and b) or (a and c) or (b and c);

end maj dataflow;



Funzione Majority: Testbench

library IEEE;

use IEEE.std logic_ll6d.all; 2) Simulare il funzionamento del
entity maj test is circuito con EDA Playground con una
end maj test; combinazione a piacere degli ingressi
architecture test of maj test is 1
signal x, y, z, f: std logic; 0 37
component majority is 0 A::> output
port ( a, b, ¢ : in std logic;
output : out std logic ); ‘I:}
end component;
begin
DUT: majority port map (x, vy, z, f )
process begin
x <= ‘17, —-—applica gli stimoli al DUT
y <= 077
z <= '0";
wait for ns; -—-ritardo permette all’uscita di stabilizzarsi
report "output = " & to string(f); --stampa valore dell’uscita
wait; -—funzione to string() converte vettore in stringa

end process;

end test; ¢



Funzione Majority: EDA Playground

Tibrary IEEE; VHDL Testbench library ieee; VHDL Desig
use IEEE.std_Tlogic_1164.a17; use jeee.std_Togic_1164.a17;

ntity maj_test 1is 4 entity majority 1s

nd maj_test; - port ( a, b, ¢ : in std_logic;
output : out std_logic );

nd majority;

I
1]
m

r
1]

architecture test of maj_test 1=
signal =, v, z, T: std_logic;

o

component majority s ; architecture maj_dataflow of majority 1is
port ( a, b, ¢ : in std_logic; 0 khegin
output : out std_logic J; 1 output == {(a and b} or {(a and ¢} or (b and c);

end component;

3 begin

4 DUT: majority port map {(x, v ,z , T J;
5 process hegin

nd maj_dataflow;

o

b == L1

7 v o= "0";

3 z <= "0";

wait for 10 ns;

2 report "output = " & to_string(f);
2 wait;
77 end process;
73 end test;

EXECUTIOM:: Time: 10 ns, Iteration: 0, Instance: /maj_test, Process: Tine__15.
KERMEL: Simulation has finmished. There are no more test wectors to simulate.
VSIM: Simulation has Tinished.

# KERMEL: Kernel process initialization done.

# Allocation: Simulator allocated 5399 kB (elbread=427 elab2=4829 kernel=142 =df=0)
# KERMEL: ASDE Tile w . location /home/runner/dataset.asdhb

# EXECUTION:: NOTE output = 0

#

#

#



Esercizio 2.34 Mano-Kime

library ieee, lcdf_vhdl;

use ieee.std_logic_1164.all, lcdf_vhdl.func_prims.all;
entity comb_ckt_1 is
port(xl, x2, x3, x4 : in std_logic;

£ : out std_logic); 1) Disegnare il diagramma logico del
end comb_ckt_1; . . . .
| | circuito descritto da questo codice
architecture structural_1l of comb_ckt_1 is
e | VHDL (gli ingressi negati non sono
port(inl: in std_logic;
outl: out std_logic); : : ")
end component; dlSpOﬂIbIh
component AND2
port(inl, in2 : in std_logic;
outl: out std_logic);
end component;
component OR3
port(inl, in2, ind % din std._logic;
outl: out std_logic);
end component;
signal nl, n2, n3, n4, n5, n6 : std_logic;
begin
g0: NOT1 port map (inl => x1, outl => nl);
gl: NOT1 port map (inl => n3, outl => n4);
g2: AND2 port map (inl => x2, in2 => nl,
outl => n2);
g3: ANDZ2 port map (inl => x2, in2 => x3,
outl => n3);
g4: AND2 port map (inl => x3, in2 => x4,
outl => n5);
g5: AND2 port map (inl => x1, in2 => n4,
outl => né6);
g6: OR3 port map (inl => n2, in2 => n5,
in3 => n6, outl => f); 10

end structural_1;



Esercizio 2.34: diagramma logico

library ieee, lcdf_vhdl;

use ieee.std_logic_1164.all, lcdf_vhdl.func_prims.all;

entity comb_ckt_1 is
port(xl, x2, x3, x4 : in std_logic;
f : out std_logic);
end comb_ckt_1;

architecture structural_1 of comb_ckt_1 is
component NOT1
port(inl: in std_logic;
outl: out std logie);
end component;
component AND2
port(inl, in2 i in std_logic;
outl: out std_logic);
end component;
component OR3
port(inl, in2, ind % din std._logic;
outl: out std_logic);
end component;
signal nl, n2, n3, n4, n5, n6 : std_logic;
begin
g0: NOT1 port map (inl => x1, outl => nl);
gl: NOT1 port map (inl => n3, outl => n4);
g2: AND2 port map (inl => x2, in2 => nl,
outl => n2);
g3: AND2 port map (inl => x2, in2 => x3,
outl => n3);
g4: AND2 port map (inl => x3, in2 => x4,
outl => nb);
g5: AND2 port map (inl => x1, in2 => n4,
outl => no6);
g6: OR3 port map (inl => n2, in2 => n5,
in3 => n6, outl => f);
end structural_1;

1)

x1

X2 ,

X3

Disegnare il diagramma logico del
circuito descritto da questo codice
VHDL (gli ingressi negati non sono

disponibili)

nl
LD

né_

11



Esercizio 2.35 Mano-Kime

— ﬂ} D
z -p

1) Descrivere il circuito in VHDL con architettura structural e
sostituire X, Y, Z con X (2:0)

2) Simulare e verificare il corretto funzionamento del codice
con EDA Playground, realizzando un testbench e stimolando
il circuito con tutte le possibili combinazioni degli ingressi

12



Esercizio 2.35: VHDL design

x0 nl n3
e [
i . [ n2
library IEEE; x1 [ % @f
use IEEE.std logic 1lo4.all;

n4
X2 @
entity circuit2 35 is

port ( x: in std logic vector (2 downto 0);
f: out std logic);
end circuitZ 35;

architecture circuit2 35 struct of circuit2 35 is
signal n: std logic vector (4 downto 0);

begin
GO: entity work.NAND2 (NANDZ impl) port map (x(
Gl: entity work.NAND2 (NANDZ impl) port map (x(
G2: entity work.NAND2 (NANDZ impl) port map (n(
G3: entity work.NAND3 (NAND3 impl) port map (n(
G4: entity work.NAND2 (NANDZ impl) port map (n(
G5: entity work.NAND2 (NANDZ impl) port map (n(

))
))
))

), n(3));

))

X
B3

o}
3

X
-

X
3

= N N N N
~
5
—~

S S S S S S
~
X
—~

5
—~

H)
S

end circuit2 35 struct;

13



Esercizio 2.35: VHDL testbench

library IEEE;
use IEEE.std logic 1l164.all;
use ieee.std logic unsigned.all; --package numerl senza segno (x addizione)

entity circuit2 35 test is
end circulitZ 35 test;

architecture test of circuitZ2 35 test is
signal input: std logic vector (2 downto 0); —--per applicare stimoli al DUT
signal output: std logic; --segnale collegato all’uscita dell DUT
component circuitZ 35 1is
port ( x: in std logic vector (2 downto 0);
f: out std logic);
end component;

begin
DUT: circuit2 35 port map(input, output):;
process begin —-—applica ingressi e stampa valore uscita corrispondente

input <= "000";
for i in to loop

wait for ns;
report "in = " & to string(input) & " => out = " & to string(output);
input <= input + 1;

end loop;

wait;

end process;
end test;

14



Esercizio 2.35: Log simulazione

®Run & Save (FCopy [ © < Playgrounds~ © Profile ~

testbench.vhd MyGstes.vhd %

1 -- Testbench Es. 2.35 Mano VHDL Testbench 1 -- Es. 2.35 Mano VHDL Design
2 Tlibrary IEEE; 2 Tibrary IEEE;
3 use IEEE.std_logic_1164.al1; 3 use IEEE.=td_logic_1164.a11;

EXECUTION:: Time: 80 ns, Iteration: 0, Instance: /circuitz_35_test, Process: line__18.
KERMEL: Simulation has finmished. There are no more test wvectors to simulate.

V5IM: Simulation has finished.

Finding VCD file...

. /dump. vecd

—

# KERMWEL: PLI/VHPI kernel's engine initialization done. -
# PLI: Loading library 'Jusr/share/Riviera-PRO/bin/1ibsystf.s0’

# EXECUTION:: NOTE :in = 000 == out = 0

# EXECUTION:: Time: 10 ns, Iteration: 0, Instance: /circuitZ_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 001 == out = 0

# EXECUTION:: Time: 20 ns, Iteration: 0, Instance: /circuitZ_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 010 == out = 0

# EXECUTIOM:: Time: 30 ns, Iteration: 0, Instance: /circuit2_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 011 == out = 0

# EXECUTIOM:: Time: 40 ns, Iteration: 0, Instance: /circuit2_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 100 == out = 1

# EXECUTIOM:: Time: 30 ns, Iteration: 0, Instance: /circuit2_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 101 == out = 1

# EXECUTIOM:: Time: 60 ns, Iteration: 0, Instance: /circuit2_35_test, Process: Tine__18.
# EXECUTION:: NOTE :in = 110 == out = 0

# EXECUTION:: Time: 70 ns, Iteration: 0, Instance: /circuit?_35_test, Process: Tine__18.
# EXECUTION:: NOTE  : in = 111 == out = 1

#

#

#

15



Esercizio 2.35: Forme d’onda

e Selezionando “Open EPWave after run” si possono
visualizzare le forme d’onda dei segnali simulati

playground

r
EDA

EPWave

From: Qps To: 80,000ps

Get Signals Radix = @  Q 100% “" »

input[2:0]

output

Mote: To revert to EF\Wave opening in a new browser window, set that option on your user page.

!

Grafico del valore dell’uscita output in corrispondenza alle 8
possibili combinazioni dei 3 ingressi

16



Esercizio 2.37 Mano-Kime

* Trovare il diagramma logico per rappresentare la logica minima a
due livelli necessaria ad implementare questa descrizione VHDL
dataflow. Gli ingressi sono disponibili in forma diretta e negata.

—-— Combinationdl Circuit 2¢ Dataflow VHDL Descriptlion
library ieee;
use ieee.std_logic_11l64.all;
entity comb_ckt_2 1is
porxtia, b, ¢, d, a i; b n, € 0N, d hi in 5td logic;
f, @ ¢ ouk St _logie) ;
-- an, bn, . . . are complements of a, b, . . . , respectively.

end comb_ckt_2;
architecture dataflow_1 of comb_ckt 2 is
begin
f <= b and (a or (a_n and c)) or (b_n and c¢c and d_n);
g <= b and (c or (a_n and c_n) or (c_n and d_n));
end dataflow 1;

17



Esercizio 2.37

f=b-la+@-c)]+(b+c+d)
=a-b+a-b-c+b-c-d

cd
ab 00 01 11 10
Riempiamo la MdK

Troviamo IP e IPE 00 . ) , 12

LU'espressione minima a due

o 01 1 |1

livelli risulta 4 5 7 €

f:a°b+b°C+C°J 11 112 113 115 11.
1 O 8 9 11 110




Esercizio 2.37

f=a-b+b-c+c-d

Il diagramma logico per rappresentare la funzione f risulta:

sls]v

Q| O



Esercizio 2.37

g=b-[c+t(@-o)+c-dl
=b-c+a-b-c+b-c-d

cd
* Riempiamo la MdK ab 00 01 11 10
* Troviamo IP e IPE: e ool Ol Ol OI! O
_ 0 1 3 2
conveniente lavorare su g
* Lespressione minima a due 01| 1 4 1 5 1 7 1 6
livelli risulta 111 1 0 1 1
— T — 12 13 15 14
g=b+a-c-d
_ 10/ 01 0] 00
>g=b-(a+c+d) A=




Esercizio 2.37

g=b-(@+c+d)

Il diagramma logico per rappresentare la funzione g risulta:

= > ),

QIO Q
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